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1.0 INTRODUCTION

1.1 BACKGROUND

On June 14, 1971, the Boeing Vertol Company was awarded Contract No. DOT-UT-1007 to
perform as systems manager for the Urban Rapid Rail Vehicle and Systems Program. The pro-
. gram was sponsored by the U.S. Department of Transportation’s Urban Mass Transportation
~ Administration (UMTA) Office of Research and Development, Rail Technology Division. As

- systems manager, Boeing Vertol was ‘responsible to UMTA for the overall plarining and integra-
tion of the program, as well as for all of its technical and management aspects.

The overall obJectlve of the Urban Rapid Rail Program was to enhance the attractiveness of rail
rapid transportation to the urban traveler by providing existing and proposed transit systems with
- service that is as comfortable, reliable, safe, and economical as possible.

The program involved siar separate tasks, of which the following three were to involve hardware:

e State- of the-Art Cars (SOAC) — Des1gn, construction, test, and five-city demonstration
of two cars incorporating existing proven advanced technology (Task 3).

® Advanced Concept Train (ACT-1) — De31gn construction, test, and five-city demon-
stration of two cars representative of advanced operationally tested, improved rapid
rail vehicles (Task 4).

e Advanced Subsystem Development Program (ASDP) — Develop alternate subsystems
and demonstrate in ACT-1 or SOAC (Task 5).

The remaining three idéntified tasks were:-

e Program management (Task 1).

. @  Review and monitor progress of BA.RT car demonstratlon and operatlon and recom-
mend methods for incorporating improvements established during the BART demon-
stration in the SOAC and ACT cars, as well as areas for further investigation using the
resources of the SOAC, ACT cars, and Pueblo test center (Task 2).

e . Planning for the operational demonstration of a rapld rail Advanced Concept Train
(Task 6). Implementation of this task was never authorized.

This report records and discusses the goals and achievements of-the Advanced Concept Train
(ACT-1) during the period of testing at the Transportation Test Center in Pueblo, Colorado,
from September 1977 through December 1978, with the exception of the Simulated Revenue
Service Testing which is reported separately in Report No. UMTA-IT-06-0026-79-4. The results
of the design, fabrication, and functional testing are described in Report No. UMT A-1T-06-0026-
79-2.



The ACT-1 program schedule is shown in Figure 1—1. The schedule slide in delivery of the

cars to TTC was attributed primarily to redesigns to reduce high vibration and noise and because
of motor commutation problems. The slide in the test schedule at TTC was attributed to Energy
Storage Unit failures, poor motor commutation, and debugging of the Electronic Control

Unit (ECU). :

1.2 PROGRAM AND TEST OBJECTIVES

The objectives of the ACT-1 project were to advance the state of the art of rail rapid transit car
design and construction and to demonstrate the benefits of advanced technology when applied

to rapid transit cars for both existing and future systems. The primary goal was to provide cars
that are as comfortable, reliable, safe, and economical as possible. Car operating economics were
to be derived and compared, including development and acquisition costs amortized over the
useful car miles per year. The ACT-1 vehicles were expected to reduce operating and maintenance
costs by up to 32 percent compared to existing vehicles.

The ACT-1 objectives were to be fulfilled by the design and development of two rail rapid transit
cars representing the next generation of design, technology, and operating efficiency.

Benefits were to be demonstrated to transit industry personnel, public officials, and the riding
public through tests conducted on the UMTA Rail Transit Test Track at the High-Speed Ground
Test Center, Pueblo, Colorado, and operating demonstrations on existing rapid rail transit lines in
Boston, Chicago, Cleveland, New York, and Philadelphia.

Test objectives were to conduct a comprehensive test program of components, subsystems, and
the complete transit car to substantiate the design and performance characteristics, assure opera-
tional compatibility with the transit system, and determine that the systems have adequate service
lives for revenue service.

Prior to initiating the vehicle system tests, many of the subsystems have undergone detailed
laboratory testing to substantiate the design capability. The various tests associated with the
ACT-1 component and subsystem test plan are contained in Boeing Vertol Report D174-10039-1.

At the end of the manufacturing phase, the entire vehicle and its subsystems were subjected to a
functional test program at the AiResearch Western Avenue Facility (Torrance, California) prior to
shipment to Pueblo TTC, in accordance with AiResearch Report 76-12761. The intent was to
deliver a fully operative car to Pueblo, with additional functional tests only as required due to
vehicle reassembly. Not all tests were successfully completed at the AiResearch Western Avenue
Facility and the waivers and deviations were documented separately for each car.

The test plans for the ACT-1 vehicle systems tests at the U.S. Department of Transportation Test
Center, Pueblo, Colorado, are documented in Boeing Vertol Report D174-10039-2. This test
plan is based upon the ACT-1 requirements contained in the ACT-1 Advanced Concept Train
Development Program Design Specification, AiResearch Report No. 72-8771-3, Revision 6,
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dated June 2, 1975, and in the General Vehicle Test Plan (GVTP) for Urban Rapid Rail Cars,
"Report No. UMTA-06-0025-14, dated September 1975. ' '

The purpose of the vehicle system: testing contained in this plan was threefold:

1. To demonstrate compliance with the ACT-1 Design Specification, Revision 6. -

2. To obtain baseline data on'the ACT-lvconﬁ.gura-tio‘n.by accomplishing engineering
tests similar to those conducted on the State-of-the-Art Car under contract DOT-TSC-
580. ,

3. To obtain service-use data through a simulated revenue service operation of 5,000
train-miles prior to initiating the five-city demonstration tour.

“The four test plans associated with the ACT-1 program are:

1 ACT-l Program Test Plan — Component Testmg (Boemg Vertol Report D1 74- 10039 -1).

‘E\)

: ACT-l Prototype Car — Functlonal Tests (AiResearch Report 76- 12761)
3 ACT-l Program Test Plan — Vehicle System Testing (Boeing Report D174-10039- 2)
4, ACT-lTestPlan No. 6557, Revision A (Department of Transportation).
The test p'rocedures associated With the testing at TTC are:

1. ACT-1 Vehlcle Prehrmnary Test and Ad_]ustment Test Procedures Boemg Vertol
: Report D174-10039 3. :

2. ACT-1 Vehicle on Track Acceptance Test Procedure Boemg Vertol Report
: D174- 10039-5

3. ACT-1 Vehlcle S1mulated Revenue Serv1ce Test Procedures Boemg Vertol Report -
D174 10039-6. .

The vehicle dehvery documents descnbmg status of the cats when shlpped from the A1Research
Western Avenue Fac1l1ty to the Transportation Test Center in Pueblo are:

1. Prototype Car DOTX-4 Dehvery Waivers and Deviations, AiResearch Report 77-14389.

2. Prototype Car DOTX-5 Delivery Waivers and Deviations, AiResearch Report
77-14293, Revision A.



1.3 PROGRAM APPROACH

1.3.1 Concept Defiriition Phase

* A comprehensive ACT-1 prOJect plan was developed in response to the Urban Rapld Rail con-
tract requirements. This plan evolved from the ACT-1 Project Implementation Plan and subse-
quent discussions w1th potent1a1 subcontractors and UMTA.

A two-phase development program was establi'shed Under Phase I, four contractors were funded
to perform a five-month design and proposal effort for the two prototype cars. After the com-
pletion of Phase I, Boeing Vertol conducted a comprehensive evaluation and developed a source
selection recommendation for Phase II under which prototype cars.would be built and tested.

- Phase I began on May 15, 1972, with the award of fixed-price contracts for five-month efforts
to four contractor teams headed by Garrett-AiResearch, General Electric, Rohr Industries, and
Vought Aeronautlcs Members of the teams. were as foﬂows

. Garret_t—AiR‘esea_,rch General Electric Rohr Industries Vought Aeronautics
Peter Muller Lowey-Snaith Sundberg-Ferrar - Tedgue
Monk Assoc - Grumman Bechtel ' GM-Delco
Pullman Cornell Labs TRW
Gibbs & Hill T ’ o

Battelle

Each of the four ACT-1, Phase I, contractors submitted a study result, a preliminary design and
design substantiation, a development specification for the prototypes, and a firm proposal to
manufacture and test prototypes. These submittals were received by Boeing Vertol on October
16,1972. '

The evaluation of the submittals resulted in a recommendation to UMTA on January 24, 1973,
to award two contracts for the Phase II fabrication of prototype hardware. UMTA concurred-in
this recommendation. '

A Transportation System 'Acquisifidn Review Committee (TSARC) was convened by DoT to
consider UMTA'’s request to expand the ACT program from one to two awards for prototype
hardware. The recommendation of TSARC was to award one contract for the prototype hard-
ware and to significantly expand the subsystems program, then designated ACT-2. The-contract
for Phase Il of the ACT-1 program was awarded to the Garrett-AiResearch Cornpany on December -
17, 1973, with the official go-ahead for January 2, 1974, The program structure is shown in
Figure 1-2.

The responsibilities of the systems manager, Boeing Vertol, were (1) to approve the activities of
the contractor, The Garrett Corporation, in the design and construction of the cars, (2) to

coordinate the advisory efforts of the American Public Transit Association (APTA) and the

5
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Transportation Systems Center (TSC), and (3) to report to the Urban Mass Transportation -
Administration of the Department of Transportation (DOT-UMTA) on the progress of the
program.

_The task of the contractor, The Garrett Corporation, was to acquii'e, assemble, and test the

-carbody and components, to conduct monthly design reviews with the sysi:ems manager and
members of APTA and TSC, and to 1ntegrate the technical output of these meetlngs into the
car design and-development program. :

~ 1.3.2 Design, F abrica.tionr, Functional Test

The interactions of the Garrett Corporation with the subcontractor during the design, fabrication,
- and functional test phases-of the program are reported in Report No. UMTA-IT-06-0026-79-2.

1.3.3 Tééting at Transportation Test Center (TTC)

1.3.3.1 Test Program ReSpohsibilities at TTC

The Boemg Vertol Company, as systems manager for the URRVS Program, was responsible to

- the Urban Mass Transportation Administration for the ACT-1 Pueblo vehicle test program. As

~ the principle ACT-1l.subcontractor, the AiResearch Manufacturing Company had the responsi-
bility to conduct all vehicle testing under the direction of Boeing Vertol up to and including
the vehicle acceptance tests and to demonstrate satisfactory performance under the-ACT-1
.design'specification. Followirg successful completion of the acceptance tests the Boeing Vei'tol
- Company took title to the ACT-1 cars for UMTA and assumed direct responsibility for the
remamder of the test and demonstration program. :

Boeing Vertol Responsibilities:

e Develop overall test plan..
e  Prepare detailed test procedures and- pass/fail criteria.
‘@ Monitor and review test results of all tests.

e  Determine suitability of the vehicle(s) to proceed to engineering testing based on the
pass-fail criteria.

e Conduct the simulated demonstration and the acceptance/reverification testing.
e Maintain test logs.

e Coordinate and direct all test activities at TTC and prov1de interface with the TTC
organizations.

e Schedule testing.



AiResearch Manufacturing Company Responsibilities

e Installation, operation, and maintenance of vehicle test instrumentation.

e Conduct of preparation/functional test, preliminary test/adjustment, engineering test,
acceptance test under Boeing Vertol direction. :

o Maintain test cars in operating condition througho_ut all test phases at Pueblo.
e  Maintain and identify test vehicle configuration.

e Provide éngineerin.g\support for all test phases.

e  Release vehicles for testing (throug}i acceptance test).
e  Provide data reduction in accordance with the requirements of Boeirig Vertol.

e Review and approve test procedures for preliminary test and adJustment engineering,
. and acceptance test phases

e  Correction of defects disclosed by testing under the conditions of the contracts.
. Joint AiResearch and Boeing Vertol Responsibilities:

o Develop status review including predicted facility and manpower requirements.

e Initiate and maintain vehicle log books. » '

Transportation System Center (TSC):

e  Monitor technical progress and results for Urban Mass Transportation Administration.

Transportation Test Center (TTC)
The Transportation Test Center organizations monitored all ACT-1 test activities and provided
the personnel for test controller, vehicle operators, power station operators, and track security
for on-track testing. In addition, they prov1ded personnel and facilities for maintenance, car
weighing, wheel truing, and on-site data reduction. Dynalectron and ENSCO were the two major
on-site contractors which provided support to the ACT-1 program.

The ACT-1 Pueblo test organization is shown in Figure 1-3.

1.3.3.2 TTC Test Facilities

The Department of Transportation Test Center, east of Pueblo, Colorado, provided all necessary
facilities for testing and maintenance of rapid transit vehicles. Layout of the TTC is shown in
Figure 1—4.
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Testing was performed on the rail transit test track, a plan of which is included as Figures 15
and 1—6. The oval has a circumference of 9.1 miles, including 4,000 feet of level tangent track.
It is provided with access spurs to the transit maintenance building and other areas of the TTC.

Power was supplied to the oval via a completely encircling third rail. This was fed froma
transformer substation, the voltage being variable from the nominal 660vdc.to 790v (no load). .
The transformer was normally adjusted to provide 600v under vehicle full-power acceleration.
Running-rail and -third rail details are shown in Figure 1—7. An overhead catenary wire systém
was installed from track station 279 to station 385. Its nominal height was 17 feet.

The Transit Maintenance Building (TMB) is situated as shown in the detail inset of Figure 1—4.

. It contains facilities for vehicle storage and maintenance. The structure encloses 150 feet of

single track, half of which is above a full-track-width stand-up pit. The building also contains

a power supply which provided 600vdc at up to 800 amps.* A scale was incorporated in the
section of track which runs next to the TMB.

‘ Storage space was available-in the TMB for spares etc. Lead ballast for loadmg the cars to
weights corresponding to- the various passenger configurations was also stored at the TMB.

Trailers situated close.to the TMB served as offices for engineering personnel.

1.3.3.3 TTC Operating Procedures

Testing of the ACT-1 on the Transit Test Track (TTT) was conducted in accordance with the
operating and test procedures described in the followmg documents:

1. Advanced Concept Train (ACT-1) Test Plan No. 6557, Revision A (Department of
Transportation) '

2. Operational Test Procedures, ACT-1 Test Program, dated February 18, 1977.
3. Standard Operating Procedures, Transit Test Track, Revision.C, April 1978..

4. Railway Systems Handbook, HB5800.3A, dated September 10, 1976 (Transportation
Test Center).

1.4 REPORT CONTENTS

This report documents the significant results of the ACT-1 test program conducted at the
Transportation Test Center in Pueblo, Colorado, during the period of September 1977 through
December 1978.

*This facility was updated to accommodate the ACT-1 requirements of 800 amps for startup
and 560 amps for 3-minute power consumption.

11



1194 Velded rail,

1194 Yelded rill.
wood- ties (24" on

concrete ties

1197 Welded rafl,
concrete tiesd)

(23~ 0.C.) (33" 0.C.) tangent; 23" on -
3 : ) curve :
(@) i : ' PO+00 o000
S ey | S2H91 :;:3
@ meh N\ s o . =2000
gz~ PN\ ¥ ™I ' 40 FT
A A 46425-527096 “e=z9,1
33vph 35K N o, s
4304, BRI N o
(M) % N
A4f§cxsc4|a — N 79%0v A o
psallt o TS _
oy 405 _ , Exf{sting Track : . \"90‘ N\ ”AX‘ &EFDS
SOmPh © 46430.- 173+ 75 \¥ :

303157 ISmeh

AC : UMTA
26 TEST TRACK
el , ca

1194 Welded ‘ ,
Corail,. 3457 35"'9\‘

concrete - 3407 - =
- ties (30° - 435 6

on tangent - .

27" on curvefigb

3%\05 HI° '~ Screech Loop Oh '7° :
SSMPH (150°* R) v 55
o n | L O3Imph
105 m\ o PSQIBS‘,

- pY 3&% . *"o 195
. 1002 Jointed = - \ S oy .

rail, wo:det‘i'es.- 285x / i \.. .205 £ ;198+40

{24 on tangent; 275% : ,%ﬁ I le
23" on curve) o | 2

: 1] 265255 A 23 -SOMP“
29260 250 |

S50 245{ 233, = "\2
S5Omph 240 ‘3‘5\\ F)s0
l 100¢. delJed ratl
wood ties (23° 0.C.)

285/ 420

Figure 1—-5. Transit Test Track

12



FT

ELEVATION,

€1

-0. 0285

50001 S S - 4 ’
- . S ) -10171,
rg————-EXtSTANc TRACK———# : , )
- . ‘ , . | . o -0!_5% / 0 51
:&cﬁf' -7mmwﬂ’ ' | / S
hoso— N - 1 -0.024M¢ | +0.6883%
B \ L 1 | -
\  -1.4665% .
™ N f 40.3333%
4900} — "\ I | ba
- \
. \hi9'26°8%
E Lol Lot?
4850}— J 2
+——————SECTION T-———————»] I | I —> ¢ ———— 1 >1e-T-ple) (ofe—T
o ’ . . R k
- 0°50' ENT— —130° +———— TANGENT———p}e—1%30' CURVE—
| CURVE—T?k—TANGENT-—ﬂﬁ— —1°30" CURVE >§< NGENT——pfe—1°30" ¢ -+
' TRACK STATION NUMBERS —
v b s e bv v boavan by v be v by v by by faaay
46 + 25 100 o 200 300 - 400 00 55 4 96
= 527 + 96 - | = = 16+ 25

Figure 1-6. Track Profile, UMTA Rail Transit Test Track at HSGTC, Pueblo; Colorado



ety ———

g o T e d TY T Qe
g ok - s e BT Lo b=l =1+
CACVAIRCD

§n 28 ox 3L/ (0 43 smucimieo
COMIT LOTAME HADOLD OCLY Wirnd
T NI AT OALVANIR L R

Y07

&
75*1.,:-“ C° P s, -

< L
e
= 44 A .:'
. e 24— |
escear ,’ —_— ——] "_‘.__-‘__
. 'E

2f -8 roc
=3 & orc®

- Ny — _zs;‘f
- N —2r.§ ni Ak M

. Toe
Tbm o TRACK KA

e
— ¥ "] -
L . S
a2
7 .
5. ’ — l#.l 13“‘:/ —t‘»'_lo:nrt.n oy .
3 . : .
.
b i ra nare
o N ANT s AG A Cramreg &
ey 4 A Ady B
UL o K ( Shm Gttt 4
LT A l -
; ; 1
. . 7N e S -
4 )
. ' o NOVE: :

A rggsy Aare evq s ¥ : :

A L ven 22 4 -YH3 CRO3Y ~SECTION VIEW 13

IV ATl AMNETEAMAYCSES r-2006 § - LOOKING' BACK ON LINE™

11079, CouTHCT 4Zpat 7 -2083 S

“Figure 1-7. Contact Rail Assembly



A section on “VEHICLE CONFIGURATION?” defines the basic vehicle as delivered to TTC.
Configuration changes incorporated at TTC to meet performance requirements, facilitate
maintenance, or improve operational characteristics or reliability have been summarized. Changes
in performance parameters which resulted from changes in adjustable hardware such as gain
potentiometers, pressure settings, etc, are not considered vehicle contfiguration changes and
therefore are not included. .

A series of tests was conducted during the early phases of the TTC test program called ,

 “PRELIMINARY TESTS AND ADJUSTMENTS.” These tests were utilized to evaluate the .
interactions between various performance parameters and are recorded in Section 3.0 of this
document. A change in a performance parameter such as acceleration rate may have an adverse
effect on dead time or jerk rate and vice versa. The formidable task.of iterating these parameters
to obtain an acceptable overall performance of the ACT-1 cars is reported in Section 3.0.
Additionally, miscellaneous tests such as crash attenuation and heating, ventilating, and air
conditioning are included in this section.

Results of the engineering performé.nce tests are presented in Section 4.0. These tests were
conducted to establish the performance limits of the cars following the preliminary test and
adjustments phase. Acceleration, deceleration, dead time, jerk rate, spin/slide effiéieric':y, braking,
and power consumption results are presented.

The vehicle ride quality characteristics and interior and wayside acoustic testresults are presented
in Sections 5.0 and 6.0, respectively. The maintenance demonstrations are described in Section
7.0. ' ' B

The acceptance test results are summarized in Section 8.0.

1.5 CONCLUSIONS

The ACT-1 vehicle was subjected to a comprehensive test program at the UMTA Transit Test
Center which resulted in confirmation of significant achievements in vehicle operating efficiency;
technology advances in component design-and integration; and of considerations for passenger
safety, security, and comfort. As was to be expected in a program such as this, where innovation
and departure from traditional techniques were strongly encouraged for the purpose of significant
cost benefit improvement, some design features did not meet the design goals established. In
retrospect, some design goals were o&eroptimistic and others, though attainable, did not warrant
the continued expenditure of resources for the additional benefit to be gained.

An outstanding achievement was the operating vehicle energy efficiency. Measurements of energy
consumption when operating on the synthetic transit route indicated that the energy storage

units (ESU) of the vehicle provide a 48.6-percent propulsion system energy savings. This is in
respect to an operational mode of the vehicles in which kinetic.energy during braking is not
recovered. A two-car train consist on a round trip of the synthetic transit route exhibited 7.12
kw-hr/car-mile energy consumption. As reported in the SOAC development program, the
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corresponding SOAC energy consumption was 12.43 kw-hr/car-mile. It should be noted, however,
that this resulting energy savings does not relate directly to a proportional energy cost savings
since the ACT I vehicle draws power at a greater peak demand than conventional systems when
charging the ESU. The'power cost rate is derived from both the total energy used and the peak
demand during the period.

The vehicle was determined to be generally in compliance with the performance requirements

" and goals of the procurement specification. The acceleration performance met all of the specifi-
cation requirements except that the initial acceleration rate exceeded the nominal value by more
than 5 percent for some runs. The acceleration and deceleration levels were proportional to the
control input level throughout the control range. Test results confirmed that vehicle performance
during braking and parallel off-line drive conditions was unaffected by power isolation gaps.

The automatic speed regulation system held the car speed within £2 mph of the selected speed
over grades up to % 1.5 percent in all but a few runs. 'In general, slip/spin efficiencies, as
‘measured in acceleration and deceleration conditions, fell short of specification requirements.
" The levels of efficiencies, however, are believed to be within the state of the art.

A few problems were evident in the braking performance data. For blended braking stops from
approximately 70 mph and greater, the energy stored by the ESU was large enough that the ESU
reached its maximum speed before the car was stopped. When the ESU reaches its maximum
speed, electric braking cannot be maintained and the friction brakes do not blend in soon enough
to keep the deceleration rate from momentarily dipping down. Also, the emergency braking

rate varied depending upon’initial car speed. . The braking rate for a 130,400-pound gross weight
was generally 0.2 mphps less than for a 98,000-pound gross weight vehicle. The maximum

* recorded brake lining temperature measured was 935°F, which compared favorably with earlier
dynamometer simulation tests of 1,040°F, from which the’ hnmg was proven to be still serviceable
after occasional br1ef exposure. -

ACT-1 interior noise levels were generally within acceptable limits throughout the car over the
speed range from 0-80 mph. Interior levels were comparable to other recent rail transit vehicles. -
Where ACT-1 noise levels exceed those of other rail cars, it is in the speed region of 25-50 mph;
with levels at 35 mph, 5 dBA higher than contemporary cars. This results from the varying rota-
tional speed characteristics of the energy storage units wh1ch also produce occaswnal beating
within the center module of the cars.

Wayside noise of the ACT-1 cars was considered to be only marginally acceptable, since the cars
did not achieve established goals except at 80 mph. Below this speed, noise levels exceeded the
criteria as a direct result of energy storage unit noise levels. Quieting of this one system would
have required substantial additional acoustical treatment in the ESU bays and was considered
unwarranted for this program.

The ride quality achieved was generally considered good. Carbody vertical vibrations at the
rigid-body suspension frequencies (1 Hz to 2.5 Hz) and carbody bending frequencies (6.5 Hz
to 14 Hz) were close to meeting the vertical ride quality specification. This specification is
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more stringent than the State-of-the-Art Car (SOAC) ride quality requirements. ACT vertical
vibrations were significantly lower than those measured on SOAC and would meet the SOAC
goal. Lateral carbody vibrations, however, are significantly above the specification requirement.
These data would not meet the SOAC goal and were higher than SOAC levels at comparable

- speeds and carbody locations.

~ The ACT-1 car weight grew rather significantly from a program concept weight of 76,000

pounds in' 1973 to an actual weight of approximately 92,000 pounds This weight increase was

_ primarily in the carbody system and the ESU. Some success was achieved in weight reduction

of individual systems, the truck bemg one which is notable. Total weight of the truck assemblies

is 26,516 pounds per car set, representing a weight savings of 6.5% when compared to the state-

_of:the-art truck assemblies which were classified as lightweight trucks. Overall, the truck assembly
proved to be.a significant advancement considering ride performance, unit weight, and maintain- -
ability features. Truck design allows removal of discrete components such as wheels, ground
brush rings, and axle shafts without detrucking or truck disassembly and w1thout the use of the

- conventional heavy ¢ equlprnent associated w1th truck maintenance.

The Canbody sys;em met new safety requlrements never before achieved for collision attenuation.
Data was obtained that verified collision attenuation system characteristics. It is concluded that
the system provides a more gentle deceleration than predicted for impacts of 5 mph or less. '

The heating, ventilating and air conditioning system (HVAC) performance:tests were conducted
at the Transportation Test Center under actual weather conditions to verify proper system
operation and to substantiaté performance. The test data verified that the capacity of the heat-
ing system was adequate to meet the cold day heating requirements. The air cycle air-condition-
ing system, as installed, was inadequate. It.was concluded that the car distribution system and
insulation were inadequate and that the air cycle system should be considered for future transit
* car applications to reduce welght and ease maintenance.

The interior fabrics and liners met the ‘str‘ingent flame-resistant and low-smoke-emission qualities
of the transportation systems center guidelines for flammability and smoke emission, TSC-75-
LFS-4. The lightweight monomotor truck performed trouble-free except one zurn couplmg
failure caused by i 1mproper lubrication.

- The ﬂush—plug, blpartmg-door design presented msurmountable problems and thls design may:be
unacceptably complex for transit vehicle usage.
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2.0° VEHICLE CONFIGURATION

The ACT-1 vehicle is a self-propelled car having a control module (or cab) at one end; it is
designated an A-car. Two A-cars were built and are shown in Figure 2—1.

The cars are designed for use in'frequent—stop, high-speed, intracity mass transportation. The

cars are identical eX;&ept for the interior seating arrangement. The cars are designed to operate

~ as a two-car consist; however, they can be operated separately, for test purposes. Power input
is a nominal 600vdc supply that can be accepted from a third rail or pantograph. The cars can
reach 80 miles per hour in 52 seconds and power consumption was reduced by use of the on-
board flywheel energy storage units; for this reason they can reach any typical subway station
following a power loss. Despite the high energy content of the energy storage units, the cars
have low interior and exterior noise levels—even at 80 miles per hour. Although there is no
requirement at the present time to demonstrate these cars on. existing properties, the cars have
been des1gned for use in New York, Boston, Cleveland, Chicago, and Phlladelplua Transition
from third-rail power to catenary power can be made automatically with no need to stop.the car.

2.0.1 GENERAL DATA .

. Length over couplers
Width (maximum)
Heig}it (maximum)
Track gauge
Minimum radius

- Track voltage

Doors (number per side)
Height of opening .
Wldth of opening

Floor height

“ Minimum
Maximum’
Seats .

High-density car, seated

Standee units .
Nominal -
Maximum

Low-density car, seated

Nominal .
Maximum

78 £t 0.5in.
9 ft 11.25 in.
11 ft 3.375 in. to 11 f£ 9.5 in.

. 4. 8.5 in.

145 ft

. 450.to 750v; 600V nommal

-third rail or catenary

3.
6 ft 5 in..

"~ 501in.

18

43.875in.
49.5 in.
36

32
100 ..

278

56
100
235
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Figure 2—1. The Advanced Concept Train (ACT-1)
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Trucks and Suspension

Type

Drive ‘system

AWheeIs and azf:les
‘ Suspénsion

Weight
Friﬁtiogl Brake§ and Pneumatics
N Typé ‘

Number
Mounting ‘

Air.supply.

Reservoirs

"Control

Proptilsiori System

. Continuous traction power
Number of traction motors

Total energy storage at
100-percent rpm

Usable energy at 70 to
lvOO-percent rpm

Number of storage units

Carbody

Underframe

Shell structure

- Casting/wrought members, welded
~assembly frame, balljoint equalization

Monomotor, enclosed drive trainm,
nonrotating axle housings

Removable wheels, full floating -
removable axle shafts

Stiff rubber primary, air bags
in secondary, nonlinear damping

\ 13,000 1b less traction motor -

' Air-operated, chrome-copper,

caliper disc
2 discs per axle .
Inner wheel hub

150 psi néminal, 25-cfm shaft-driven

" compressor

- 1'main, 2 b;ake' supply

Electropneumatic analog; slide -
Pt 2
protection.

800 hp per car
2
9.0 kw/hr per car

4.6 kw/hr per car

2

Aluminum side sills, cross bearers,
draft sills, and center shear panels

Aluminum door-and window posts, seat
rails, and roof rails; steel collision posts



Sheathing : Fiberglass-aluminum honeycomb panels
with stainless-steel facings

Cab and “B” end _ Polyester-resin-reinforced fiberglass
Sheathing ' , Fiberglass, molded
Exterior finish : o Pblyuret-hane paint
~ Collision protection . T« Coupler, movable anticlimber with
L hydraulic and expendable shear pin
attenuation

Door System

Type - Flush plug, biparting

~ Actuation ’ Pneumatic operators
Sealing A S , ‘ Neoprene
Control = - » v " Electric from cab or‘remOte

passenger-operated pushbuttons

Heating, Ventilating, and Air Conditioning

Type ’ | - Modified air cycle
Power . Shaft-driven from flywheel through
‘ a fluid clutch
Capacity (total car) _ 17.8-tons at turbocooler design rpm
Airflow (hot-day design) , B ‘
Total ' 4,170 cfm
Fresh 1,670 cfm
Fan types 400 Hz, normal
32vdc, emergency
Heaters ' : ' L Duct heaters plus floor strip
Weight | -~ 1,3001b
Auxiliary Power
Type | - Nominal 400-Hz oil-cooled alternators
Voltage 127 to 220v three-phase
Power source ' Flywheel-driven
* Control Variable frequency



Communications and Train Control Features

Train control

‘Communications
' Interiors

Performance

Maximum operational speed

Nominal initial acceleration
° Nominal deceleration - -

Emergency deceleration

Jetk rate ‘

Energy consumption

Power '

Empty w;eight

AW3 weight

2.0.2 EXTERIOR FEATURES

‘Manual, speed regulation

Closed-circuit TV, passenger intercom,
automatic station announcements,

and public address radio

Polyester-resin-reinforced fiberglass
with flame-retardant additives;
modular molded panels

80 mph
3.0 mphps

. 3:0-mphps

3.5 mphps-

2.0 mphpsps

7.2 kw-hr/car mile
600vdc nominal ‘
92,000 1b"

" 133,700 Ib (high density)

127,250 1b (low density)

The exterior of the car features large, double-glazed windows, three pairs of biparting, sliding-
-plug doors on each side, a smooth flush exterior with no exposed fasteners, and.a heavy anti-
climber with collision attenuation on each end. The roof portion over the forward truck has
permanently attached fittings to which a pantograph can be secured for overhead current collec- .
tion as an alternative to the truck-mounted current collectors.

~ The A end, which is the control module, is sheathed'in molded fiberglass, has large windshields
of impact-resistant safety glass, and a door that is used mainly for an emergency exit. A loop
step is supplied on the anticlimber to enable entry through this door by crew members and
maintenance staff. Light assemblies recessed into the surface contour contain headlights and
taillights. The B end, also sheathed in fiberglass, has a sliding door for crew entry and intercar

traffic flow.



2.0.3 INTERIOR FEATURES

The interior of the cars has been designed to ensure a reliable, efficient, and safe interface
between man and equipment, with particular attention paid to the aged and handicapped. As
can be seen in Figure 2—2, one of the cars has a hlgh -denisity interior arrangement which is
intended for use in subways where the typical length of the passenger’s journey rarely exceeds
20 minutes. The other car, the low-densibty version, is intended for journeys of more than 20
minutes; consequently the seats have a gfeater degree of comfort and support, and standee space
is minimal. -

The interior panels are polyester-resin, fiberglass-reinforced plastic (FRP) of modular design to
allow interchangeability from one part of the car to another and from an A car to a B car. The
resin of the FRP has.additives that give exceptional fire-retardant and low-smoke characteristics.

The seats in both the high- and low-density cars are cantilevered from the wall and the lounge
seats in the'center of the car are the pedestal type (see Figute 2—3). This gives the car an air of
spaciousness and improves the access to the floor surface for carpet-cleaning appliances, thereby
‘reducing maintenance costs. Eliminating the aisle support for the seats also increases passenger
safety (by reducing the chance of tripping) and allows increased mobility of the boarding and
departing passengers. Even greater ease of passenger mobility is achieved by angling the perimeter
seats. A passenger at this location faces the general direction of the doors, and no seat is more
than 12 feet from a doorway.

For the elderly'and handicapped, one end of the high-density car is equipped with seating designed
for their particular needs. This design includes special handrails; space for wheelchairs, high-
and short-seat chairs, and crutch holders (see Figure 2—4).

2.0.4 EQUIPMENT

The general arrangement of the ACT-1 equipment is shown in Figure 2—5. The undercar is sec-
tioned into longitudinal bays which are further subdivided into three lateral bays. The side bays
generally contain the HVAC packs and most of the power control gear; in addition, heater
contactors are included in these bays. Forward and aft of the A-end truck, equipment is
attached to the underframe, covered only by the hinged side skirts. The dead battery start panel
and resistor are located on the left in Bay 1A, and the pantograph control box is located on the
right in Bay 1C. The electropneumatic brake unit and reservoirs are located behind the A-end
truck, forward of the B-end truck. On the right side, in an enclosed bay (13C), is the battery; on
the left side (Bay 13A) is the low-voltage power supply. Located in the center bays of the car
are the energy storage units, the air compressor, the input inductor, and the line breaker.

Interior equipment is located primarily in the cab and the B-end bulkhead. Located in the con-
trol module are communications equipment, power supply, low-voltage distribution panels,
door relay panels, miscellaneous breakers, train control equipment, and temperature controls.
Located in the B end of the car are the monitor panel, ECU assembly, tralnhne panel, coupler
control, interior CCTV camera, and hostler control.

1
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FULL COMPARTMENT

SEATS aeinvnnns .20 -
NOMINAL CAPACITY . . 40

HALF COMPARTMENT ELDERLY AND HANDICAPPED
SUPPORTS . .... 32 SEATS ........ 10 SEATS +evvevennnnnns 6

WHEELCHAIR SPACE... -+ . )

36 SEATS, 32 SUPPORTS
NOMINAL CAPACITY =90
" DOTX-5

FULL COMPARTMENT -

SEATS o ivvuvann 20

NOMINAL CAPACITY . . 36 -

" LOUNGE ‘ DR FULL COMPARTMENT
. SEATS ae.e...s 16 CUSEATS - aiienaenn. 20

NOMINAL CAPACITY . .24 . NOMINAL CAPACITY . . 36

" 56 SEATS - NOMINAL CAPACITY =96

DOTX-4

Fighfe 2-2. SeAali;ing Arréngerhe'nté



B. LOW-DENSITY CAR INTERIOR

Figure 2—3. [nterior Configurations
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Figure 2—4. Elderly and Handicapped Section
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2.1 CARBODY

2.1.1 Carbody Description

The ACT-1 carbody structure (see Figure 2—6) consists fundamentally of a welded-aluminum-
extrusion frame. The side panels and roof consist of molded sandwich structure having fiberglass
inner and outer skins with a stainless exterior facing. The side panels have an aluminum honey-
comb core while the roof core is a resin-reinforced cellular paper. The skirt panels which provide
access for the undercar equipment are fabricated of stainless steel with fiberglass backing.
Fiberglass belly pans are installed beneath the undercar equipment bays.

. The stibfloor consists of an aluminum skirt and plate structurally fastened to the underframe.

‘The primary floor is made of plywood with aluminum face sheets and is isolated from the sub-
floor and primary structure with elastomeric mounts. Acoustic treatment in the floor area con-
sists of aquaplas spray in selected undercar bays, Baryform over subcarpet, and Baryfol BMIC
between floors. The entire floor is covered with carpeting.

The carbody side, side door, cab side (drop sash), and B-end door windows are double-glazed.
The inner glaze is a clear laminated safety glass and the outer glaze is a polycarbonate with an
MR4000 coating with bronze tint. The cab windshield and cab emergency door windows are
single-glazed, fixed-type, laminated safety sheet. '

There are three biparting plug-type doors on each side for passenger entry and exit. These doors
are pneumatically actuated with a manually operated emergency release. The A-end door
' (between cab and passenger compartment) is a hinged-type door that opens into the cab. The
cab emergency exit door is a manually operated, hinged, single-leaf door with a lock. The

B-end door is a single-leaf, manually operate_d,nslidiir_xg type with a lock.

The A and B ends of the ACT-1 incorporate collision attenuation systems which permit the
vehicle to sustain low-speed end impacts without permanent structural damage. Insuch im-
pacts, the vehicle energy is absorbed by hydraulic cylinders which are actuated by a sliding
coupler carrier assembly structure attached to the anticlimber. Except for replaceable shear
pins, the system is fully reusable and requires no external energy source. The ACT-1 is equipped
with conventional couplers which are identical except that the B-end coupler includes an elec-
trical coupler for trainline functions. The coupler and anticlimber are both attached to 4 carrier
assembly which is restrained by shear pins which must fail before the collision system is
actuated. The collision attenuation system installation is shown in Figure 2-7.

A double-arm scissor-type pantograph located on the railcar roof on the A-end provides for

catenary operation when raised. It is lowered and locked down when operating on third-rail
power.
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" A 3.0 kv lightning arrestor is provided on the railcar roof near the pantograph. This arrestor
will dissipate any lightning electrical surge. The ground lead for the arrestor is attached to a
main framing member. at the:roof.

2.1.2 Final‘C_onfiguration A

The ACT-1 vehicles as delivered to the Tfé.nspdrtation Test Center (TTC) are defined by
drawing 2000112-1 for DOTX-4 and 2000112-2.for DOTX-5. The test program at TTC
necessitatéd some carbody changes which are described below to define the final carbody
configuration as delivered to UMTA upon completion of the TTC test program.

2.1.2.1 Cab Destination Sign

The cab destination sign, drawing 2017338-1, was an obstruction to test personnel working
on the left side of the cab so the sign was removed. Because property demonstrations have
beencancelled, the destmatlon 51gns are no longer requlred so the destination 51gn has not
been re placed -

2.1.2.2 Bay 7B Belly Pan -

The Siemens breaker in bay 7B would frequently hang up during early phases of the test
program and would require a mantal reset. As designed, the-belly pan under bay 7B would
have to be removed to reset the breaker.. In order to facilitate testing on the track, the belly
pan on bay 7B (Avis drawing 26-45000-513) was ‘modified to install a hinged trap door for
easy access in resetting the Sieméns breaker without removing the belly pan. The modifica- -
tion was per PI‘O_]eCt Authorlzanon 1155 53 and is shown in Figure 2-8. ‘

2.1.2.3 A-End Coupler

The coupler adapter on the TTC locomotives which mates with the ACT-1 coupler does not
have an air supply plumbed to the adapter. A hose, external to the coupler, supplies the
brakepipe air from the locomotive to'the ACT-1. Therefore, the ACT-1 couplers were modi-
fied to install 2 mating hose-compatible with-the TTC locomotive, as shown in Figure 2-9.

The A-end coupler on the ACT-1 provided only manual uncoupling. It became increasingly
difficult to manually uncouple from the locomotive adapter so an airline and valve were con-
nected to the'A-end coupler actuator, as shown in Figure 2-9, to permit pneumatic un-
coupling. - No formal drawings were prepared for these coupler modifications.

2.1.2.4 Taillights
The ACT-1 cars were designed to operate in a two-car.consist during property demonstrations

and therefore no provisions were made for running lights on the B end. The test program at
TTC necessitated running single-car operation and therefore lights were required on the B end.
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AIRHOSE CONNECTION , MANUAL PNEUMATIC
TO LOCOMOTIVE UNCOUPLER VALVE

Figure 2—-9. Coupler Modifications
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A red-and—white light :E)_ow‘ere& bj/twa 12-volt automobile hattery was,installed on the B end of |
each vehicle as shown in Figure 2-10. No formal drawings were prepared for this installation.

2;1.2.5 .Skirt Panel Fasteners

The equlpment bay sk1rt panels were orlglnally secured w1th chp -in 1/4 turn Dzus fasteners :
- with a screwdriver-slotted head. Early maintenance act1v1t1es at TTC indicated the slotted heads :

_ requn‘ed excessive time to remove or install: A change was made to a Dzus slip-on 1/4-turn

fastener which has a wingnut head for easy operation without tools. ‘Two different-sized wing-
nut fasteners were used. with Dzus part numbers AW6T13 and AW6T26. Several locations .
would not accommodate the different type retainer réquired for the wmgnut—type fasteners.

. so the slotted-head fasteners were retained in ‘those locations. (about 10 percent of the total
fasteners). A typical mstallatlon of the Wlngnut-type fastener is shown in Figure 2-11.

21 .2‘.6 'Collision Attenuation ‘

- ’The hydrauhc cyhnder for the A—end colhsxon attenuation system 1s’de51gned ~with-a- tapered

" metering pin to provide a softer | impact at low speeds: This feature results in apprommately
'10.5'inches:total anticlimber displacement for a 5-mph impact into a r1g1d barrier: The-
collision-attenuation-system test program at TTC required a 5-mph impact into a rigid barrier.
Pretest clearance checks revealed that the floor-extension plate on the anticlimber (AVCO
drawmg 26-31068-7) and angle plate (AVCO drawing 26-31068-3) had insufficient clearance
from the primary structure for the e*cpected stroke. The extension plate-and angle plate were
cut away locally as shown in Figure 2-12 to provide the requ1red clearance for, the colhsmn '
attenuation test on DOTX—S DOTX 4 has not been modified. -~

- 2.1.2.7 Skirt Panel—B’ay,13c

The sklrt panel which prov1des access to the battery compartment in bay 13C was orlcmally
secured to a side skirt support assembly (AVCO drawing 26-31011-76) with. 10 Dzus fasteners.
*. The side:skirt support assembly had to be removed before the battery could be rolled out for

~ servicing. In order to facilitate battery servicing, the support assembly (26- 31011-76) was re-
“moved and a clip angle with Dzus fasteners was installed at each end to prov1de sklr’c restraint.
The forward chp angle is shown in Figure 2-13.

2.1.2.8 Final Cbnfiguration Summary

The final carbody configuratipn changesvere stlymma:rized in Table 211,
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© TABLE 2-1.

FINAL- CONFIGURATION CHANGES TO CARBODY OF

DOTX-4 AND DOTX-5

“Ohio Brass 523846

©26-31068-7 Plate
126-31068-3 Angle

26-31011-76

~_ Slotted skrrt panel fasteners replaced
o w1th wmgnut fasteners

Bay 7B belly pan modified for easy access

" to Sremens breaker

A-end coupler modified to provrde external
brake pipe-hose connection; also added
pneumatic line and valve for manual

’ pneumatrc uncouplmo

Added 12v battery- powered red—and wh1te .

tallhghts

Mod1f1ed ant1c11mber plate and angle to

* provide clearance for collision test:

Bay 13C beam support assembly

- replaced wrth clip. bracket at’ each
i :panel end.

: ,Original Part No. - Component Changed To =
: 4017338 1 -Cab dest1nat1on 51gn Rer_noyed
| aveo 26- 45000-513 PA115553

. AW6TI3, AWET26

DOTX:5 only

2.2 PROPULSION SYSTEM

2.2.1° System Description

‘The ACT 1 propulsion system minimizes enerc'y consumption by using two onboard energy
storage units{(ESU) which allow for recovery of energy during braking operation. The re-

_“covered energy is then reused durlng vehicle acceleration. In add1t1on to prov1d1nc the temporary

energy storage funct1on ‘the motor-dnven flywheel i is used to control the traction motor in
response to: operator commands : ‘ :

The energy storage unit (ESU) includes an energy storage flywheel a planetary gearbox, and a
motor/generator which is connected to the flywheel through the gearbox. The antidrive end of
the flywheel housing drives an alternator. The ESU also drives a turbocompressor for air con-
ditioning and a- blower for equ1pment cooling: Each railcar employs two ESU’s and two

traction motors.

Propulsion system major components are listed in Table 2-II. Figure 2-14 shows major compo-

nent location on the railear.
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TABLE 2-1I. MAJOR COMPONENT INFORMATION

Component Part No. Schematic No.
Propuieion Control o _ ©.2017137
Propulsion Power - 2017129
Energy Storage Unit = 2017127-1 ’ -

Resistor Assy (Grid) 523830-1 | _

Input Inductor +..2007362-1 - L=

Line Breaker | 210-0503-9001 -

Rectifier 20173631 . -

Rectifier Fuse . 2017363-2 - -

Fuse and Reetifier ‘ T 2017360-1 . -

2.2.2 Operation

The ACT-1 propulsion system has been de51gned to minimize energy consumption while pro-
viding high performance. This is accomplished by using two onboard energy storage units

which allow for recovery of energy during braking operation. The recovered energy is then
reused during vehicle acceleration. In addition to providing the temporary energy storage
function, the motor-driven flywheels are used to control the traction motors in response to
operator commands.  The power circuit of the ACT-1 propulsion system is shown schematically
in Figure 2-15. The principal modes of operation are: descr1bed in the following paragraphs and -
are shown schemaucally in.Figure 2-16..

2.2.2.1 S_tartup-Mode (View a, Figure 2-16)

Initial startup of the flywheels prior to placing the railcar in service is accomplished by a single-
stage resistive starter circuit which limits inrush-current of approximately 400.amps per fly-

- wheel. During the intial startup, the separately excited field current is supplied from the
high-voltage source and is limited by a series resistor (FR). At approximately 55-percent speed,
the auxiliary alternators become operational and provide power to current-regulated, phase-
delay-rectifier field supplies. With the electronic controls operational, the startup grid resistors
(GR) are shorted by contactors (FMS) to create the idle mode circuit.in View b, Figure 2-16.

" In the idle mode, the flywheel motors are connected across the input line and are regulated to
70-percent speed, which is the nominal minimum operating speed. -

2.2.2.2 Parallel Mode Acceleration

During normal driving operation, the flywheels are speed-regulated to a reference schedule that
maintains at least 85-percent speed when the railcars are stopped. Upon receipt of a driving
command, the flywheel armature voltages are raised above the input supply which reverse-biases
the input rectifiers (IR) and reduces line cutrent to zero. At this time, line switch (LS) is
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opened and armature voltages are reduced to zero. Closure of the traction motor contactors
(TMS) then connects the traction motors in parallel with the flywheel motors to create the
- parallel motor mode in View c, Figure 2-16. With traction fields at 2 maximum value, the
flywheel fields are used to regulate armature currents to a value proportional to. the motorman’s
command. As the railcar accelerates, armature voltages increase until the input rectifiers are
again reverse-biased. Closure of the line switch at this time then connects all motors in parallel
across the high-voltage supply as shown in View e, Figure 2-16. After this transition, the
traction motor fields are used to regulate traction armature currents and flywheel fields are
used to regulate flywheel speed in proportion to the reference schedule. If the flywheel speed
remains dbove the schedule, motor bus voltage is maintained slightly above the supply to pre-
vent the flow of supply current into the vehicle. If flywheel speed drops below the schedule,
a closed-loop current regulator controls supply current in proportion to flywheel speed error by
adjusting motor bus voltage. In this manner, flywheel energy is given first priority for propelling
“the railcar and the high-peak currents required for railcar acceleranon are taken from the fly-
- wheel rather than the hlgh-voltage supply

2.2.2.3 Bra}kmg Mode (View c, Figure 2:16)

When braking command is received, transition to braking is accomplished by merely raising the
flywheel motor field to reverse armature current flow. The controls are configured to provide
the required jerk limit during this transition.

2.2.2.4 Series Mode

Since the flywheels have only a limited amount of energy available, the parallel mode described
above cannot be sustained indefinitely. Therefore, to provide the vehicle capability of con-
tinuous operation below base speed, the controls can reconfigure the power circuit to operate
the traction motors in series with the flywheel motors as shown in View d, Figure 2-16. During
this mode, the flywheel motor is used to supply the difference voltage between: the traction
motors and the supply. Transition to this mode is initiated as the flywheel speed approaches
the minimum value of 70 percent. During this mode, armature current is used to both drive the
- railcar and to recharge or maintain flywheel speed, depending on operator command level.

2.2.2.5 -Shutdown Mode (View f, Figure 2-16)

To provide a method for rapid discharge of flywheel energy either for car layup or due to acti-
vation of a fault sensor, the circuit can be reconfigured to dissipate flywheel energy in the
startup resistor grids.

2.2.3 Energy Storage Unit (ESU)

There are two energy storage units installed in each ACT vehicle delivered to the Transportation
Test Center. They are configured as part no. 2017127-1. During vehicle testing, modifications
were made to make the vehicles operational and refine energy-saving performance.
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2.2.3.1 ESU Modifications

Flywheel Oil Contamination — Flywheel oil became contaminated with cast-iron-filing particles.
. which caused ESU shutdown. The ESU was removed and it was determined that the resilient
. ﬂywheel—bearmg mount was rotating in its mount, causing the iron particles. The bearing was
staked in this unit but this redesign should be 1ncorporated in the remaining ESU’s when over-

haul is scheduled

Ringfeder Coupling - The ringfeder coupling which connects the flywheel motor to gearbox

slipped circumferentially and axially on its shaft. The motor shaft had previously been

* machined, flame-spray buildup, and then machined to correct outside diameter. The flame-

sprayed metal deposit could not withstand the ringfeder clamping force. It became brittle and

. eroded under clamping force. This unit was repaired and returned to service. However, any
new or overhauled motors should have the shafts ground to virgin metal and smaller diameter
ringfeder used '

Low Flywheel Vacuum The ESU’s expenenced h1gh pressure in the ﬂywheel cavity. The

. design vacuum was 25 fnches Hg and the automatic shutdown switches were set to 20 inches -
‘Hg. ‘The actual pressure was measured to be 18 to 20 inches Hg at 5,000-foot altitude.” When
G/A could provide no explanation, new switches with a settmg of 15 inches Hg were installed
which resolved this problem. The hlgher pressure will i increase drag and lower the ﬂywheel ef-
ficiency by a small amount. .

-0l Seepage Into Flywheel Cav1ty The DOTX-5 B-end ESU. developed il leakage into the
flywheel cavity. The leakage was attributed to seal wear between the accessory gearbox and
the flywheel. The flywheel case was monitored to assess the temperature rise caused by in-
creased flywheel drag and found to be within safe limits. '

Alternator Drive — The ESU-driven alternator failed-and exhibited a shorted stator. It was

" - replaced with a spare which subsequently failed. When the alternators were disassembled, there
was evidence of severe rubbing between the rotor and the stator. An undetermined amount of
metal partlcles was introduced into the flywheel oil system wh1ch caused extensive damage to

oil pump and f1lters

Upon disassembly of the ESU alternator drive shaft assembly, it was found that the bearing
nearest the alternator had race damage caused by an out-of-balance condition. This is shown
in Figure 2-17. The wear is 0.005 inch deep at the center of the wear spot. This undoubtedly .
‘permitted the alternator shaft radial excursion of 0.012 inch under heavy load.or misalignment.
The bearing at the other end of the alternator drive shaft showed no damage. Absolute
certainty of the alternator failure cause is not p0331ble

Turbocompressor Driven Gear — During operation the turbocompressor drive gear was badly
damaged, breaking in several pieces on two separate occasions. The first incident was attributed
to poor assembly techniques; the second incident was traced to fatxgue fracture of the gear,
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Figure 2—17. Alternator Drive Shaft
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. which had a porous coating which resulted in a hlgh stress concentration. The units were re-
paired and made available for 1nstallat10n :

Speed Sensor Gear Drive — The ESU speed sensor gear is driven by a nonmetallic self-lubricating

gear. During testing, the nonmetallic gear developed rapid wear of gear teeth and uneven wear

pacterns.

The gear was rede51gned to- 1ncorporate a w1der tooth and stronger and higher lubricity materlal
All drive gears were replaced, correcting the problem

Turbocooler Solenoid Valve — Durmg simulated revenue service testmg, the turbocooler sole-
noid valve developed leakage at the fitting between the’ 011 line fitting and-the soleno1d housing.
In each case, the unit was replacecL :

2.24 Flywheel and Ti'action Motors

The ﬂywheel and traction motors are bas1caHy 1dent1cal units whlch are, demgnated as partno.
2000786-1, Revmon A, and 20007 84 1, Revision D, respecuvely The operatlonal history is -
as follows: . - : . )

Vehicle Unit . Serial _No.  “ | Date"In;staflled "_['otal Hours/Mileage

DOTX+4 ° AEnd  FM65D1 . « Del - " 516 hours
" 'DOTX4  BEnd  FM36D5 : - Del * . ° . 358.4hours
S .. PM36D3 . - . 81178~ . ' 3.7hours
FM65-D3 - 91478 - 153.9 hours
: FM65-D3 C 111678 T - ,
DOTX-4 -~ AEnd TM96-D1 Del . , 9,503 miles
( | NA 10-23-78 456 miles
' DOTX-4" -~ BEnd TM105-05 - Del. 9,959 miles
"DOTX-5  AEnd  FM76D5 © Del - 699 hours
DOTX-5- BEnd  FM36-D3 Del 94.1 hours
: FM65-D2 2-6-78 - 33.1 hours
'FM105-D4 . 3-20-78 . 571.8 hours
DOTX-5 AEnd TM65-D3 Del 6,506 - miles
: TM96-D1 10-13-78 7,069 miles
DOTX-5 ~ BEnd  TM65-D2 Del 13,575 miles -
I-hgh “Time Traction » ' o .
Motor 96-D1 - -~ - ) 16,572 ' miles
High-Time Flywheel ‘ » : '
- Motor . 76-D5 699  hours

During vehicle testing, the motors experienced many flashovers, overtemperatures, and com-
mutators out of round, reflecting their inability to meet the specification requirements.. A sum-
mary of operating experience and motor changes is presented below:
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2.2.4.1 Motor Brushes

The major motor problem was poor commutation caused by improper brushes. Initial brushes
were part no. E68579. The adhesive securing the copper pigtail leads to the carbon brush ele-
ments softened at the motor operating temperatures. The pigtails would come loose in the
. motor cavity, causing flashovers. New brushes incorporating improved adhesive, chamfered
"-edges, and a spring-mounting plate were installed. However, the spring-mounting plate was not
securely bonded to the brush wafer elements so that the wafers were not uniformly compressed
against the commutator. As a result, the wafers overheated chipped, and eventually caused -
flashovers.

The brushes exhibited streamers and hot spots, which wete a major cause of commutator flash-

~over and commutator overheating, resulting in commutator bars lifting, thereby aggravating
brush wear, slipping, and d1smtegrat1on New brushes identified as N4, consisting of a softer.

" material, were installed which virtually eliminated motor flashover problems. A softer brush
material was used in the SOAC and WMATA traction motors. at the high altitude of the Trans-

* portation Test Center. The brush wear rate is considerably higher but is acceptable for a test

. program.

2.2.4.2 Traction Motor Overtemperature

The traction motors experienced frequent overtemperatures wher operated at the AW1 speci-
fied duty cycle and under reduced duty cycle at AW2 and AW3. The cooling airflow was in-
creased to the motorbut the motor is basically underdesigned. A new motor with higher
continuous current capability would be required to meet the power demands of the design
specification revenue service profile at Welghts up to AW3.

The commutator overtemperature coupled with 80-mph operation resulted in lifting commuta-
tor bars. As a result the commutators had to be reground on a frequent basis. Incorporation
of new brushes, limiting vehicle speed to 70 mph, and reducing the motor armature rms current
virtually solved the commutator out-of-round problem.

2.2.4.3 F‘Flywheel'and Tractioﬁ Motor Flashovers

The flywheel and traction motors experienced numerous flashovers. The initial cause of these

flashovers was incorrect electronic control and relay logic which simultaneously closed the line,
parallel, and series mode switches, thereby shorting the armatures of all four motors at high
speed and current. Redesign of interlocking line, parallel, and series mode relay logic elimi-
nated this problem. The major cause of motor flashover was the poor brush performance dis-
cussed previously.

A summary of the changes incorporated in the ESU is shown in Table 2-IIL
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_ TABLE 2-III. ESU CONFIGURATION: MODIFICATIONS
INCORPORATED IN DOTX-4 AND DOTX-5

Original Part No. Component Final Part No.

- Low-vacuum switch — Setting anreased from -
20 inches Hg to 15 inches Hg '

© 573630-5 - ESU- Latest configuration ‘ 573630-5
Assy 573031-5 _ Assy 573031-5
573022-1 Bearing support was modified by installation =~ 573249-1

_ of hardened steel sleeve.

573399 Resilient mount was silver-plated to reduce 573379-1
+ probability of fretting corrosion. '

- Antirotation pin was added between seal -
' holder and resilient mount to prevent mount
rotation.

- W-00 lockwashers replaced with plam soft L=
steel washers-

- . ESU speed sensor drive gear - - . =

- . Oil filters changed from 10 micronto .~ -
‘ .25 micron '

- - Motorarc bolts .~ —
- FM and TM brushes ; -

2.2.4.4 Miscellaneous Propulsion Componvents

The input inductor, rectifier, ‘and fuse and the grld resistor assembly are identical to the con-
figuration delivered to the test center.

The line breaker current settmg was adjusted to increase the interrupt current setting from
1,500 amps to 2,200 amps.

2.2.4.5 Electronic Control Unit (ECU)

The electronic control unit performs all the sensing, controlling, and protecting functions re-

- quired for the operation of the propulsion system and vehicle. A description of this unit is
provided in AiResearch document 77-13741, Revision C, dated 15 March 1977. The configura-
tion delivered to the Transportation Test Center is identified by part no. 2017077-1. The
functions performed by the ECU are summarized in Table 2-IV.
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Modifications were made to the electronic control units and relay logics to adjust performance
to meet specification requirements and to correct design deficiencies. These modifications
have been recorded by annotating drawings, prints, and logic diagrams which remain with the
ACT vehicles. A summary of the final modification is shown in Table 2-V.

TABLE 2—IV. ELECTRONIC CONTROL UNIT FUNCTIONS

Card | Function

Jio1 Generates drive and brake signals from trainlines and controls the fly-
wheel field switch (FFS)

J102 Controls traction motor and flywheel motor armature current balance

J103 Controls traction motor field current

Switches voltage feedback signal from flywheel motor voltage in parallel
mode to traction motor voltage in series mode

Applies friction brakes to prevent rollback until sufficient tractive effort
is achieved ' '
J104 Fault monitor for £15-volt power supply
J105 Monitors flywheel operation and generates shutdown signal when:
Flywheel A and B have quick shutdown
Flywheel senses a quick shutdown
~ Auxiliary generator fails
P signal opens. _
Either flywheel overspeeds
A flywheel exceeds temperature limit.
Flywheel armature current exceeds 1,500 amps

g0 e a0 o P

Flywheel armature voltage exceeds 1,300 volts

e
.

Third rail goes negative
j»  Traction motor has quick shutdown

106 ‘Generates an appropriate quick shutdown signal in event of loss of over-
_ ppropriate g gn |
sca’le of traction ‘motor parameters

J108 Provides voltage level transformation from battery to ECU power supply
J201 voltage

J110 Monitors various fault detectors and indicates first event that causes
' system shutdown

J112

J113 Adds a stage of buffering and gain change to drive the analog meter to
J114 monitor various propulsion system parameters

J202 Generates digital information from analog signals primarily for logic
decisions :

J111 } Inserts a digital buffer between ECU logic and systems monitor
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TABLE 2—-1IV — Continued

Card 4 Function

J203 Generates digital information based on comparisons of analog voltage

J204 levels with preset voltages to perform the logic to control modes and

J205 contactors

J206 Performs logic to change the two parallel and series drive configurations
and self-checks correct contactor arrangement

J207 Performs logic to configure propulsion system to obtain traction motor

" current ,

J208 Controls voltage commands to allow transition between different modes
of operation '

J209 Generates digital signals that control the action of the traction and fly-

- wheel motor field phase delay rectifiers

J210 Generates drive signals to reversing contactors on the field phase delay
rectifiers of the traction and flywheel motors including self-check of
correct contactor configuration :

J211 Controls the parallel mode switch and series mode switch contactors
J212 Controls the flywheel mode switch and traction mode switch contactors
J213 - Contains logic to operate !:hé line breakers contactor

J214 Contains logic to operate the ground switch contactor

J302 } Provides flywheel overspeed protection
7304 '

J303 Monitors all flywheel speed sensors and detects all overspeeds
J305 Monitors flywheel parameters and sets latching relays for quick shutdown:

a. Vacuum’
b.  Oil pressure
c. .Oil temperature.

7306 ) ~ Performs necessary signals to interface between the analog and digital
J307 1  systems » ' :
7308 ¢
J309
7310
J311 Performs necessary analog voltage and current scaling
7312
J405 Performs slip-slide functions including detection, operation, and release

after 3 seconds
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Card

J406°

J408

- J409

- J411
J412

j413

7501
J507
J508

J502

J503

J505
J509

J510

511

J512

. J513

TABLE 21V — Continued

Function

Generates the necessary signals to balance the traction motor currents by
changing the flux in the traction motor; produces the third-rail current
command through the flywheel speed regulator

Generates the system voltage commands-required to change modes of
operation; flywheel speed schedule based on traction motor speed is also
generated .-

Generates the signals needed to keep the flywheel armature currents and
speeds in balance

Produces the traction motor armature current limit in drive'and brake

Generates the traction motor armature current commands when slip and
slide conditions prevail in track

Produces traction motor current command based on master controﬂer
position and weight compensation

Generates electropneumatzc valve current to command correct amount

of friction brakes

Converts traction motor speeds to analog and selects h1ghest for control
purposes

Detects spins and slides-of each truck when acceleration or deceleratlon

. rates are in excess of 6 mphps

- Interfaces slide relays with brakes.

Adjusts the total friction brake command when a slide occurs during

‘brake; the circuit is designed to find the adhesion limit of the rail based

upon shde 1nformat10n

Generates a voltage proportional to pressure out of air bag expansion
system (weight); also generates traction motor armature current limits

based on weight and adjusts current command by P signal

Generates friction brake command based upon master controller position

adjusted for varying weight
Performs propulsion and friction brake blending |
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Part Number

2014238

2014282

2014240

2014204
2014254
2014234
2014260
zoi4gos
2014278

2014252

2014260(6/13)

2014254(6/5)
2014218(6/5)
2014252(6/5)

2014290(6/5)
(mod -27)

TABLE 2-V. ECU MODIFICATIONS

7203

- J209

511

A-12
J410

7105

Main

Frame
7512

J508
J413

J209

J305

J409
A10

J501
J507

7209

7508
J510

7501
7507

J505

Change

Third-rail voltage increased high limit to 775v;
lowered low limit to 425v

- Vent fan schedule off at 67% and on 68 1% ESU

speed

Reduce traction motor armature current to 700 amps

in braking
Clamped P signal to 10 vdc maximum

Eliminates random shutdowns of propulsmn system

caused by high-frequency noise

‘Delayed QSD signal from battery charger to prevent

transients from shuttmg down vehicle

‘Added flywheel motor overcurrent indicator to
monitor panel

Adjusted brake cyhnder pressures welght schedule to.

"AW1 = 57 psi and AW3 =73 p51 '

Adjusted electric braking blendlng to meet specifi-
cation requirements '

" Adjusted electric braking weight schedule to

AW1 = 690 amps, AW3 = 900 amps

Filtered auxiliary generator fail signal to eliminate
spurlous auxiliary generator trips

Add 1.5-second time delay to ﬂywheel shutdown
circuit to eliminate spurious low oil pressure

Improve flywheel speed balance
Bypéssed ESU low-oil-pressure shutdown

Adjﬁsted brake release current to 268 ma on both
trucks

Extensive modifications to adjust following
performance

Acceleration

Electric, blended, friction braking
Speed regulation :
Spin-slide

Weight adjustment

Energy consumption

Fault protection logic

W@ me o o p
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2.3 TRAIN CONTROLS

“The functions of the train control system are to integrate major vehicle subsystems, provide
commands, monitor system status, regulate vehicle speed and braking, and prevent undesired
vehicle motion. The primary train control systems used on the ACT-1 vehicles consist of the
motorman’s.control panel, the hostler control panel, and the speed control unit.

' The motorman’s control panel provides the controls, switches, and indicators required for
complete operation and control of the ACT-1 vehicles. Control panel components are identi-
fied in Figure 2-18. Table 2-VI lists the panel markmgs, initial settings, descr1pt1on, and
function of each component. :

The hostler control panel, located in the B end of each vehicle, provides lirriited train: control

~ from the B end of the vehicle. It is used primatily for coupling and uncouplmg the two ACT-1
vehicles. Hostler control panel components are identified in Figure 2-19. Panel markings,

. descnptlon, and component funcnon‘are listed i in Table 2-VII.

The speed control unit provides overspeed protection, automatic speed regulauon and tractive
effort commiands to the trainlines from the lead cab of a two-car consist. The unit consists
" mainly of printed wiring assemblies and relays which function during automatic. modes of
vehicle operation. There are no controls or indicators on the front panel of this unit.
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TABLE 2-VI. MOTORMAN’S CONTROL PANEL CONTROLS AND INDICATORS

Index No. » _Legend/Pariel
(see Figure 2-18) Marking

Initial .~

Setting

Description

Function

1 TAPE

ON/OFF

DISPLAY ON

SKIP

2 RADIO

ON

| S§vitch as‘seml.)ly

Switch/indicator

Switch/indicator

Switch/indicator

Switch assembly

Controls mode of ‘station announce system as indi-
cated by detail switch legends as follows:

Activates tape system; ON indicates automatic
operation, OFF indicates standby mode in which
automatic advancement of message is inhibited.

* Split legend switch cap illuminated to indicate

status

Hluminates passenger station dlsplays to comc1de

. with motormans display, if it is illiminated. Switch -

cap 1llum1nated to mdlcate passenger displays are
dlumlnated

Advances tape one station beyond next scheduled
station. This resets DISPLAY ON indicator to OFF,
extinguishing and muting the passenger display
stations. The SKIP indicator will light during a skip
cycle, extinguishing after the skip cycle in progress
is completed. At the end of each skip cycle a new
cycle may be initiated if desired. When the desired
scheduled station stop appears on the motorman’s
display, it may be indicated on passenger displays
by depressing DISPLAY ON switch. DISPLAY ON
will activate automatically when doors open at next
stop.

Controls and indicates status of radlo system as |
indicated by detail light and sthch legends as

follows:
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— Continued

TABLE 2—VI
Index No. Legend/Panel Injtiél L . ‘
(see Figure 2-18) Marking Setting Description Function
XMTR ON — Indicator Indlcates radio is in transmlttmg mode when
v . o ﬂlummated
RADIO TO OFF Switch/indicator valtches radio transmitter to emergency frequency.
EMRG ' Active when illuminated.
RADIO TO OFF Switch/indicator Switches radio receiver output to public address
P.A. system Actlve when 1llummated
3 CCTV - Switch dssembly Controls status of closed circuit television as 1nd1-
cated by detail switch legends and referenced to
direction of travel as follows:
SCAN ON " Switch/indicator . Commands CCTV system to select internal cameras
from first to last repetitively. Active when
. illiminated.
LEFT — Switch/indicator Commands left exterior camera operatlon Active
_ ' o ' when 1llum1nated
RIGHT - Switch/indicator Commands rlght» exteripr camera operation. Active
when illuminated. '
CAR 1 — Switch/indicator Commands lead car interior camera operation.
| ~ Active ‘when illuminated.
4 — - Station announce Displays station to be announced.
displays ‘ ,
5 HANDSET — Switch assembly 'Controls selection of circuit to be connected with

handset as indicated by detail switch legends as
follows:
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TABLE 2—VI — Continued
'Index No. 'Legehd/Panei »
| (see Figure 2-18) Marking Setting- Description Function
RADIO ON jSWitch/i’ndi’cator Connects Bandéet receiver or mictdphohe when hand-
. set talk bar is depressed to radio control with central
control.
P.A. — Switch/indicator Connects handset to Public address system when talk
| bar is depressed.
CREW — Switch/indicator Initiates call to other cab or answers call from any
' crew station. ’ o
CAR 1 - Switch/indicator _Connects handset to'lead railcar passenger | intercom.
CAR 2 — S\mtch/mdlcator Connects handset to car 2 passenger intéercom.

6 — — Air gage Ind;cates air pressure in main reservoir as indicated
by white pointer and in brake cylinders as indicated
by red pointer.

7 - = Switch assembly Controls selection of mode apphed to the following
accessories or systems as indicated by detall switch

' -+ legends. »
ON WASHER — Switch/indicator Turns windshield washer ON/OFF.
- ON WIPER — Switch/indicator Turns windshield wiper ON/OFF.
WIPER HI — Swit'ch/indi_catof Pefmits selection of high or low windshield wiper
‘WIPER LOW ' speed.
ON INT LIGHT — Switch/indicator . Turns interior hghts ON/OFF in both cars of a two-
‘ car consist.
ON AIR — Switch/indicator Turns air-conditioning recirculation fan and comfort |
COMFORT

control unit ON/OFF on both cars.
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~ TABLE 2-VI — Continued

Index No. ) Legend/Panel o y L
(see Figure 2-18) Marking Setting  Description Function _
ONCABLIGHT = —  Switch/indicator =~ Turns cab lights ON/OFF.
ON CABA,VENT - Switch/indicator Turns cab vent fan ON/OFF.
ON CAB HEAT - Switch/indicator " Turns cab heater ON/OFF . _
CAB HEAT HI - Switch/indicator Permits selection of high or low cab heat
CAB HEAT LO | ‘ | -
HEAD LT HI - Switch/findicator . Permits selection of high or low beam for headlights.
. HEAD LT LOW - - S
) , ‘ NOTE
Headlights are turned on by selecting
the FWD direction on item 25 and
‘ master key activation. ' '
8 EMERGENCY — Switch Controls application of EMERGENCY brake
BRAKE - without slip/slide protection. When initiated, brake
~ cannot be released until railcar has stopped and
master controller is moved to FULL BRAKE.
9 OVERSPEED — Switch/indicator Establishes 5-mph command to OVERSPEED

TEST detector. ’

10 OVERSPEED — Indicatbr light Indicates speed in excess of that allowed by cab

‘ ' signal equipment.
11 -~ — Indicator light If cab signal equipment is fu’nction_al, this displays
assembly (cab status of signal aspect (speed limit) received from
signal aspect) wayside station. .
12 MPH - Speedometer Indicates railcar speed.




TABLE 2—VI — Continued

Index No.

Legend/Panel ,
(see Figure 2-18) Marking Setting Description Function
13 ~ESU RUN - Switch/indicator En,ex%gize_s trainline to enable startup and operation of |
ESU DUMP energy storage units. Activation when ESU RUN is
' illaminated.will cause immediate shutdown of all
energy storage units. _
14 - - Switch/indicator Permits sélection of speed limit for manual control |
assembly mode. One of the speeds from 3.to 80 mph (as indi- }
' cated on button) or OFF may be selected. Note:
< o - MANUAL/ASR has no function.
15 SNOW BRK ON — Switch/indicator | Controls selection of ON or OFF mode for snow
SNOW BRK OFF 4 _ brake. \
16 ALARM — Switch/indicator . Permits cancellation of overs_péed audio alarm.
SILENCE ' ’ ‘
17 DRIVE/BRAKE — Meter (P signal) Display tractive effort and bra];e command signal. . .
18 — - Indicator light When lit, placarded light assembly segments as de-
' , assembly . tailed below indicate the following:
CAB SIG — Indicator o Ihd_icates that cab signal bypass switch is in
BYPASS BYPASS position. A
EXTERNAL - Indicator Indicates that radio release contact or external re-
RELEASE ' : lease switch contact is closed. -
SPEED ERROR — Indicator Indicates that tachometers do not agree, or speed
| is in excess of 83 mph. ‘
DOOR INTLK — Indicates door bypass switch is ON.

BYPASS

Indicator
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TABLE 2-VI —

TRIP

Continued .
Index No. A Légéﬁd/Panel . ‘ “ E
| (see Figure 2-18) Marking Setting Description Function
- NO 3RD RAIL = Indicator Indicates no 3rd rail enable switch is ON.
ENABLE ‘ o
ANTIROLL — Indicator Indica_tes antirollback defeat switch is ON.
BK DEFEAT - | :
NO MOTION - Indicator Indicates no motion relay is energized.
19 — - Indicator light When lit, placarded light assembly segments detailed
assembly below indicate as follows:
‘ALL BRAKES -~ Indicator Indicates that all friction brakes are applied.'
APPLIED ‘ :
ALL BRAKES - Indicator Indicates that all friction brakes are released.
RELEASED - -
SOME PARK — Indicator Indicates that some parking brake on either car is
BRK APPLIED not OFF. -
BRK INTLK - Indicator Indlcates that brake 1nterlock bypass switch is in
BYPASS BYPASS posmon
PENALTY - Indicator Indicates that the ATO emergency is relay
BRAKE deenergized.
PASSENGER - Indicator ~ Indicates that some passenger emergency switch
EMERGENCY has been activated.
SPIN SLIDE — Indicator Indicates loss of wheel adhesion on either car.
20 ~ — Indicator light When lit, placarded light assembly segments detailed
_ assembly below indicate as follows:
PROPULSION - Indicator Indicates that some propulsion system on railcar

_ has trlpped
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TABLE 2-VI —

Continued

Index No. Legend/Panel

{see Figure 2-18) Marking Setting Description Function

| AUX PWR — Indicator Indxcates that some auxlhary power system on railcar

- TRIP has tripped.
BATTERY - Indicator ‘Indicates that some battery charger on railcar has
CHARGER failed.
COMPRESSOR — Indicator. Indicates that a compressor on railcar has failed.
WAYSIDE — Indicator Indicates presence of wayside voltage.
POWER ' ,
BATTERY - Indicator Indicates that a battery is below 24 volts on either
' car, ) ]
AIR COMFORT — Indicator Indicates that some air comfort system on railcar has
failed.
21 - - Indicator light When lit, placarded light assembly segments detailed
assembly below mdlcate as follows:
ESU TRIP — Indicatol_r Indicates that some energy storage unit on railcar has
- ' shut down. '
ESU IDLE — Indicator Indicates that idle speed of energy storage units has
BOOST been raised to 85% from normal 70%. _
ESU — Indicator Indicates that some energy storage unit on railcar is
CHARGING . charging,
ESU NO_R-MAL - Indicator Indicates that all energy storage units are charged. -
SRU POWER — Indicator Indicates power applied to Speed regulation unit
; has failed.

MAN CODE — Indicator A Indicates manual code cutout switch activated.

CUTOuT
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TABLE 2—-VI

— Continued
Index No. Legend/Panel , o ‘ B
(see Figure 2-18) Marking Setting Description Function
22 - MASTER KEY - Switch Unlocks master (;ontroller and established lead
S railcar. } : ‘
23 APPLIED - Switch/indicator Permits application of parking brakes. Also indicates
PARK BRAKE position when all parking brakes are applied.
24 RELEASED - Switc}l/indicator Permits release of parking brakes. Also indicates
PARK BRAKE ‘ ' ' when all parking brakes are released.
25 FWD NEU — * Switch/indicator Permits selection of car direction either forward,
REV - : " neutral, or reverse. :
26 MAX DRIVE - Master controller .. Controls forward and braking mode command
COAST ' signal.
FULL BRAKE -
‘ EMERGENCY | _ |
-27 - PANTO UP - Switch/indicator - Provides control of positioning pantograph UP or
. PANTC DOWN - : DOWN. Indicator will flash on and off when not in
' ' | commanded position.
28 PANEL LAMP — Switch Permlts check of all lamps on motorman control
TEST - panel by illuminating all lamps simultaneously.
29 CLOSE — Switch/indicator Closes all doors on right side of railcar and illuminates
C when all doors are closed.
30 OPEN - Switch/indicator Opens doors on right side of railcar and illuminates to
indicated that some door is open on rlght side of
. . railcar. ‘
31 PASS RELEASE - Switch/indicator When in PASS'RELEASE position, allows passengers

NORMAL

to open dOOI‘S Prevents passengers from openlng

doors when in NORMAL position.




€9

TABLE 2—VI — Continued
Index No. Legend/Panel _ ‘
(see Figure 2-18) Marking . Setting Description ~ Function

32 DOOR KEY — Switch | Provides control of door system and s‘election of left
or right side doors. ‘ ‘

33 - OPEN — Switch/indicator Opens doors on left side of railcar and illuminates to

" indicate that some door is open on left side of railcar.
34 PANELLTHI = - Switch/indicator Provides control of i 1nten31ty panel lights. (Master key |
PANEL LT LOW turns lights on.) ' ‘

35 CLOSE - Switch/indicator Closes all doors on left side of raxlcar and 1l]ummates :
when all doors are closed. o

36 RESET — Switch/indicator Used in propulsion system to start up and to reset. _

37 HORN - ‘Button Provides control for >sounding horn.

38 — — Handset control Adjusts volume of handset receiver. -

39 - — Handset " Used for public address, radio, and intercom systems.
Equipped with push-to-talk swltch for public address

_ ‘ and radio systems. : '
40 CREW BUZZER — Switch " Activates buzzer to signal crew, and P.A. tone
N ‘generator. -
41 SQUELCH Quiet . Control ' Canégls receiver noise during absence of signal.
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Figure 2—-19. Hoétler’s Control Panel
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TABLE 2—VII. HOSTLER’S CONTROL PANEL CONTROLS AND INDICATORS

Index No. Legeﬁd/
- (see Panel
Figure 2—19) - Marking - Description Function

1 HOSTLER Switch Controls power application for
hostler panel operation. ON is
to left; closing panel access door
turns the switch off.

2 BRAKE COAST Switch Provides selection of tractive/

DRIVE- : brake mode of hostler control.
Upon release, switch retums to
‘BRAKE posi;ion.
3 EMERGENCY - Switch Commands EMMERGENCY brake
BRAKE ‘ ; application when actuated.
Railcar must stop before nor_mal
control can resume.
4 UNCOUPLE Switch Is depressed and held when power
B uncoupling is to be effected.

5 - SIGNAL Switch - Is depressed to activate crew
buzzer on hostler’s panel and in
motorman’s cab.

6 FWD Switch Provides.control of direction of

NEU Assembly - railcar when under hostler control. |
REV When FWD is selected, railcar

moves with cab (A end) leading.
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2.3.1 Final Configuration

The ACT-1 train control system as delivered to Pueblo is shown in AiResearch drawings
2017104 and 2018476. During the test program, changes were made to improve vehicle opera-
tion and performance. These changes are described below and summarized in Table 2-VIII to
define the final configuration of the ACT-1 vehicles as delivered to UMTA at the completion
of the test program.

2.3.1.1 Cab Signal Pickup Coil

The cab signal pickup coil and support brackets, AiResearch. drawings 2017468 and 2017469,
were removed and stored in the SMB at the Transportation Test Center. The vehicles were de-
livered to Pueblo without cab signalling equipment installed and there was no cab signal testing
planned; therefore, it was - decided to remove and store the components. In addition, it made
truck maintenance easier to perform.

- 2.3.1.2 Speed Regulation Unit

The speed regulation unit (SRU) printed circuit board, AiResearch drawing 2017591, was
modified to defeat the 30-mph speed limit in reverse. This was necessary during single-car
testing to allow 0-80-mph test runs in both directions. An additional modification was made
to the SRU board to adjust the overspeed correction circuits. Rg was changed to 22.6k and
R was changed to 178k and a 1-[.1fd capac1tor was added between the input of op-amp, U3B,
and ground

These changes applied the vehicle penalty brake at a speed of 83.5 mph, slowing the car to
75.5 mph where it released. The added capacitor functions as a noise rejection ﬁlter to pre-

clude random application of the penalty brake.

2.3.1.3 P Signal Conditioner |

The P signal conditioner printed circuit board, AiResearch drawing 2017593-1, was modified
to allow greater resolution in the adjustment of the P handle coast position. Rg3 was changed
to a 10k potentiometer and the P handle coast position output was adjusted to 5.0 £0.005 vdc.

An additional modification was made to the P signal conditioner board to ensure the maximum
P signal (maximum drive) did not exceed 100-percent drive. During the test program it wa<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>